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Abstract 


Nine male sterile (ster) mutants previously described by 
Vigfusson, were used in two-, three-, and four-point crosses with 
known marker strains of Neurospora crassa in order to determine their 
relationship with established linkage groups. The male sterility gene 
as present in mutant 8455 A, leu-3, ster was found to be located in 
Linkage Group VII on the basis of the observed recombination frequency 
between the genes ster and nic-3., 

The recombination data for the mutants: 


LOL Gray leun3,. ister 
LO/ HOSASS leu-—35 ster 
107 10-1 As leu-3, ster 
LOZ9O A Le~>, (Ster 
(232k lena 5, (ster 
DISor As pail; ister 
PO009 AS pan-=!, ster 


were found to be indicative for linkage with markers of Linkage Group I. 
Crosses involving the male sterile strain 6555 A, leu-3, ster 
yielded results which could be interpreted as either due to quasi linkage 
between ster and mt (mating type, Linkage Group I) or to abnormally high 
crossover frequencies in the intercept leu-3 to mt (Linkage Group I) result- 
ing from the presence of the gene ster in that region. 
Several crosses involving pantothenic acid requiring strains 
in matings with non-pantothenic acid requiring strains, did not yield 
the expected pantothenic acid requiring progenies when the gene for male 
sterility (ster) was also involved in the cross, The possibility that 
selection {or pan-1* segregants underlies the non-Mendelian segregation 


for this character, has been discussed. 
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Introduction 


In fungi, the formation of sexual organs is genetically 
determined. Incompatibility factors on the other hand, determine the 
mating potential of each individual. These two systems help to promote 


genetic recombination through the prevention of self-fertilization. 


Heterothallic fungi, and more specifically the Ascomycete 
Neurospora crassa, incorporate an incompatibility system consisting of 
one locus with two alleles (a vs, A). This pair of alleles segregates 
at meiosis to produce 4 ascospores of mating type A and 4 ascospores 
of mating type a. Ascosporogenesis results from matings in which mating 
type A functions as a protoperithecial (or recipient) parent and mating 
typers as the spérmatial (or fertilizing) parent or the converse. The 
female organ is fully differentiated according to its particular function 
as recipient parent whereas spermatial elements such as conidia, hyphae 


and trichogyne are not specific in morphology or function. 


Since sexuality in fungi not only involves a simple act of 
karyogamy, but consists of a sequence of events starting at hyphal 
attraction and terminating with the production of ascospores, the genetic 
determination of such a sequela is extremely complex. Whitehouse (1949) 
and Lewis (1954), therefore, suggested that a simple but compound mating 
type locus constitutes the determining genetic region for all these 
steps of sexuality. Burnett (1956) on the other hand postulates the 
possibility that the mating type factors are "super-genes'' which act as 


“switch” genes in controlling other genes which regulate the mating 


action, 
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Although complexity of the locus is indicated, the locus 
nevertheless appears to be very stable. Few reports of variants of 
the mating type locus exist. Lindegren (1934) found 4 bisexual and 4 
akaryotic spores in one ascus of Neurospora crassa, The 4 bisexual 
spores were self-fertile. Olive (1958) states that St. Lawrence 
obtained several single spored isolates of N. crassa which were not 
self-fertile but could cross with either mating type ACOY a.” these 
findings were taken to indicate that an incompatibility block to self- 
fertility may exist. Moureau and Moruzi (1932) in N. sitophila observed 
a similar case in which 4 spored asci were found to be homothallic in 
their mating type reaction. Newneyer (1965) crossed an arg-] strain to 
the wild type and observed that about 1/4 of the viable ascospores 
initially yielded colonies which formed dark pigment on complete medium. 
These "Dark Agar'' colonies eventually "escaped" the inhibition and grew 
like the wild type. "Dark Agar" colonies could cross with either mating 
type A or a; “escaped" colonies contained conidia with a mixture of A 
and a mating type determining nuclei. On the basis of the 6 viable to 
2 non-viable abortion pattern Newmeyer postulates that a pericentric 
inversion could yield a viable duplication-deficiency class and a non- 
viable duplication-deficiency class among the segregants. Heterozygosity 
of the mating type locus accounted for the initial bisexual "Dark Agar" 
colonies and the "escaped" colonies formed when homozygous A and a nuclei 


resulted trom mitotic Crossing, over, 


Weijer and Yang (1966) reported a self~sterile bisexual spore 
in an ascus along with 3 normal mating type A and 4 normal mating type a. 
According to these authors, the results are indicative for a compound 


nature of the mating type locus. 
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For long it has been known, that prevention of incompatible 
matings between isolates of the same mating type is exercised at several 
different steps in the sexual cycle. For instance Backus (1939) reported, 
that there is no evidence for fusion between conidia and trichogyne of 
the same mating type in N. sitophila. Plasmogamy, on the other hand, 
has been found to occur between identical mating types of Ascobolus 
stercorarius although no karyogamy was observed (Bistus and Raper, 1963). 
From the literature it is evident that the soatyol that excludes incom- 
patible matings probably occurs in different fungi at different stages 


of the sexual process. 


Another approach to inquire into the sexual development in 
fungi concerns a study of the secondary physiological control mechanism 
(Raper, 1960). This control system governs the sequential progression 
of events from trichogyne attraction (if any) to plasmogamy, karyogamy 
and meiosis. Although this step by step sequence is under genetic control 
it is doubtful as to whether such a control is exercised by the actual 


mating type locus as part of the incompatibility regulation. 


Dodge (1935) described three distinct stages of perithecial 
development and maturation in Neurospora sitophila and N, tetrosperma: 
a) The formation of the ascogonium together with the development of 
surrounding hyphal tissue to form the incipient ascocarp; 
b) the bringing together of nuclei of opposite mating type, differentiation 
of wall tissue, development of ascogenous hyphae, and nuclear fusion; 


and, 


¢c) the reduction division, spore delimination and spore maturation, 
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The most extensive study of gene control of sequential steps 
in the sexual cycle have been made in the homothallic, hermaphroditic 
fungi, Glomerella cinqulata, Wheeler and McGahen (1952) and Wheeler 
(1954) found nine genes affecting sexual reproduction. These genes 
were found to control the developmental sequela starting with the 
ability to produce the occurence of perithecia and ending with the 
ability to produce viable ascospores. On the basis of developmental 
blocks four major steps were indicated to occur in the sexual cycle: 
perithecial initiation, plasmogamy, karyogamy and meiosis. These mutants 
were self-sterile though cross-fertile indicating that complementation 
of function occurs in cross matings. Their novel work still remains the 
most extensive study concerning developmental steps and their progression 


in the sexual process of fungi. 


Far less is known of blocks occuring in the sexual cycle of 
heterothallic Ascomycetes. Westergaard and Hirsh (1954) reported two 
Ae Reeeee concerning the lack of protoperithecia and abnormal proto- 
perithecia. Both abnormalities were found to be due to two different 
genes. Also in N. crassa as early as 1939 it was demonstrated that 
protoperithecia could be developed in the absence of the opposite mating 
type (Lindegren, 1939) but without the simultaneous development of the 
ascogenous hyphae. Hence, it appears that at least two genes are invol- 


ved in the development of a fertile protoperithecium., 


In order to make a thorough study of the sexual process in 
N. crassa, Vigfusson (1969) employed male sterility mutants. By means 
of ultraviolet irradiation of Neurospora crassa macroconidia and appro- 


priate selection procedures, 32 mutant strains exhibiting male sterility 
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were isolated. Both mating types were irradiated and, based on the 

total number of isolates tested the A mating type showed a 5-fold greater 
frequency of mutation to male sterility than the a Mmatinp type, The 
mutants exhibited a wide spectrum of sexual behavior patterns when used 
as the male parent in crosses with a wild type strain indicating that the 


sexual development cycle is blocked at various stages in the different 


Stacmeass 


On the basis of complementation and intergenic recombination 
data and limited cytological observations, 4 genes were reported by 
Vigfusson which block ‘early' stages of sexual development (i.e., prior 
to karyogamy). Similarly, at least 3 genes were indicated which showed 
blocks at later stages of development. In addition, a gene controlling 
female fertility was found in 5 out of 32 strains tested, the mutant gene 
resulting in complete female sterility. This gene segregated independently 


from male sterile genes which block early stages of the sexual cycle. 


The aim of this investigation concerns the mechanics of 
genetic transmission of the sterility phenomena in N.crassa. Although 
Vigfusson (loc. cit.) ound. a Mendelian inheritance for male and female 
sterility in preliminary tests, no critical three- and four- point 
crosses were performed by him. The present thesis reports on these latter 
tests and on the basis of segregation data predicts the mapping of several 


sterility genes within the genome of N.crassa. 
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MATERIALS AND METHODS 


Lye ostrai ns 3 

All strains of Neurospora crassa used in this study were 
supplied by the Fungal Genetics Stock Center, Dartmouth College, New 
Hampshire. Origin and description of stocks obtained for mapping are 
given in Table I. Stocks referred to in Table Ti are Leu-j orm pan- 1; 
male sterility mutants (UV-induced) isolated by Dr. N,V. Vigfusson 
(1969). Fl strains were employed as tester strains for mating type 


and sterility determination. 


2. Media: 

(a) Complete medium, All cultures were maintained on 
standard complete medium oe eee of Vogel's Medium N (Vogel; 1956) 
supplemented with 0.5% yeast extract, 0.5% casein hydrolysate, 0.1% 
Standard vitamin solution and 0.005% tryptophan. Two per cent agar 


was used to solidify the medium, 
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TABLE I, DESCRIPTION OF STOCK CULTURES USED FOR MAPPING* 


ON LD LAD DLE ALLARD AAAI 


FGSC Linkage Mating 
Stock No. Marker Allele No. Group Type Remarks 


533 79a St. Law- 


rence Standard a Wild type. 
103 cae oe B110 1 A Visible marker. 
1124 leu-3 R-156 IL A Leucine auxotroph. 
806 crisp R2 360 Hi, a Visible marker. 
BO} met-6 35809 IR a Methionine auxotri 
267 thi-1l 56501 TR a Thiamine auxotropl! 
45 rel Lindegren (L) IIR A ( Fluffy, non-conid: 
( fertile perithecié 
46 tal ue : PER a ( parent. 
239 SC, eLyp=1 HoUd 0575 Ji KGla WIN a Tryptophan auxotr« 
scumbo visible mai 
ZL pan-1 S531 IVR A ( Pantothenic 
( acid 
494 pan-1 bye OH IVR a ( auxotroph 
94 lys-1l 33935 VL a Lysine auxotroph. 
411 pab-1 L633 VR a p-aminobenzoic ac: 
auxotroph. 
453 ad-8 Y-152-M/7 VIL a Aderine auxotroph, 
134 tryp-2 45302 VIR a Tryptophan auxotr« 
nic=-3, we WALL. © a Nicotinamide auxot 
pe and visible marke: 
met-/ 4894 VIIR a Metionine auxotro|] 
ZOL Ale Dee sey) LosU0, L, soo0l, nla a7) a Perkins (1959) 
pan-l, inos, 5531, 37401, multiple linkage 
fy Oy iit YA0500 2C00 tester stock. 
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*(Barratt and Ogata, 1962, 1906) 
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TABLES LL. DESCRIPTION OF MALE STERILITY MUTANTS* 


Isolate Parental Mating 
Number Strain Type Description 
| PAG YD leu-3 A Abundant small brown 
protoperithecia with 
8455 leu-3 A occasional mature 
perithecia (0-10 per 
8553 Jeu-3 A plate) which contain 
abundant normal spores. 
10299 weu=3 A 
8553 produces a slightly 
10710 leu-3; A greater number of mature 
ist, perithecia (20-30) per 
de plate 
10710-1 Jeu-3 A All mutations were 
UV-induced 
10718 ew=3 A 
55 pan-1l A 
16009 pan-1 A 


*) Vigfusson, 1969. 
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(b) Crossing medium, Standard crossing medium was used for 
all crosses (Westergaard and Mitchell 1947). Biochemical requirements 


were added as necessary in the amount of 50 mg/1000 ml. medium. 


(c) Sorbose medium. This medium causes restricted’ colonial 
growth (Tatum et al., 1949) and was used in tests for genetically 
determined biochemical requirements, The medium was prepared by sub- 
stituting 90% of the sucrose in the medium by sorbose. Again, where 
necessary, biochemical requirements were added in the amount of 50 mg./ 


1000 ml. medium. 


3, Methods; 

(a) Procedure for crossing. All crosses were carried out at 
AG using the male sterile mutants as the protoperithecial parent. To 
ensure maximum production of spores, fertilization was carried out in the 
following manner: Conidial (approximately 10° conidia/ml.) or mycelial 
(for non-conidiators) suspensions of sterile water (and 50 mg./ml. of 
the specific biochemical requirement of auxotrophic strains) were made 
from fresh cultures of the spermatial parent, One ml. aliquots of the 
suspension were added to week-old cultures of the perithecial strain. 
One week later another 1 ml. aliquot of a fresh suspension was added, 
A minimum of eight plates were made at any one time for a cross. Often 
many crosses had to be repeated two or three times due to lack of spore- 


shedding ascospores. Spores were allowed to mature for a minimum of 


three weeks before isolation. 


(b) Isolation of ascospores. A platinum loop dipped in 1-27 


calcium chloride solution was used to collect ascospores from the lid 


of a petri dish after which they were spread over a 6% agar surface in 
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such a manner that they were optimally spaced for future isolation. 
Ejection of ascospores from perithecia was poor in most crosses and often 
perithecia had to be dissected by squeezing with forceps in order to free 
the spore content. This latter system worked very well for the isolation 
of tetrads. Isolation was accomplished under 60X Reece en using a 
sharp flat steel blade. Spores were lifted directly off the surface of 
the agar with the blade and transferred to a 50 ml. tube of complete 
media. Spores were induced to germinate by heat-shocking at 60°C for 30 


minutes and allowed to germinate at 30°C. 


(c) Linkage detection. All attempts to obtain fertile crosses 
between the male sterile mutants and the multiple linkage-tester stocks 
of Perkins (1959) failed. Multiple marker stocks containing two markers 
produced only ascospores in those cases in which the linkage tester 
strain carried at least one morphological marker. However, even then, 
segregation for parental markers was not always found to be random, 
Consequently each linkage group had to be tested separately, one marker 


Be gy (emmys, 


(d) Scorine of markers. Tests for male sterility and mating 
type were carried out by inoculating a small amount of conidia onto 
one of the four marked sectors of paired fl-a and fl-A protoperithecial 
plates (Smith, 1962). Consequently four different isolates can be 
accommodated per petri dish which in the experience of the present author 
seems to be the maximum number of isolates per plate in order to eliminate 
doubts in sterility and fertility scores. The plates were examined after 
12-14 days incubation at 25°C. Biochemical requirements of the isolates 


were scored on solidified sorbose media in petri dishes, divided into 
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quarters twenty-four hours after incubation at 30°C. The inoculations 
were marked either to be prototorphic or auxotrophic. Subsequently, 
sorbose agar medium (G5. G) containing the necessary biochemical require- 
ment was poured onto the center of the plate in such a manner that the 
media spread outwards covering the location of initial inoculation. 
After 24 hours of incubation the inocula were checked for resulting 
growth due to supplement of the biochemical requirement in the cover 
layer of sorbose agar medium, For slow-growing isolates (such 26 crisp) 
36 hours of incubation was necessary in order to obtain satisfactory 


growth, 
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Results 


The following male sterile mutants, all carrying either the 
biochemical requirement for leucine (leu-3) or for pantothenic acid 
(pan-1), were used in two-, three-, or four-point crosses to determine 
linkage relations of the male sterility genes with Sees of known 
linkage groups: 

O49 52), leu Ss. goter 

CII 8As Lela Fsbel 

PURLO CA leu 3 1 citer 

LWRLO PA, sleu-35, ston, tr, le 
LO7LO=16n, leuad .ester 

EOZODT Ay, Leu, Ster 

VESEeR eU-3, ister 

oe Uy Sateimeahs ieteug 

LGO09TA, pan=1 5) ster 

All crosses were characterized by the production of a large 
number of aborted spores, erratic germination percentages and repair of 
biochemical requirements in time. Only in a few cases( 8455 A, leu-3, 
ster x 4094 a, met-/; 6455 A, Leu-3) “ster x (45502 a,tnyp-2 and 6455.4, 
TEGO ster x 1 S1ee Pr o29 ay Mico, We) tetrad analyers tcou ld hie 
carried out. Single strand analysis (random spore analysis) was used 


for establishing segregation ratios in all crosses. 
Gy) Recombination data for mutant 6455 A, leu-3y ster. 


The male sterile strain 8455 A, leu-3, ster was used as proto- 


perithecial parent in the following crosses: 
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lable ELL; RECOMBINATION DATA FOR MUTANT 8455 


Cross: Linkage] Germin.|] Recombination Recom.| Recombination Recom, 
Group vA Of (ster. buty qs Of Srerelicy ve 
645) A, leu-3, with marker with mt (A vs.a) 
ster 1 + 1 + \ + rt + 
H Si ht Ww wu WH i] 4 
Vv oO (cB) 100) Vv 100) (<9) (0d) 
x WJ w) 7m) og) rw) v v vp 
Ww n 169) WY 1¢p) 1¢9) op) WY 
t \ -- eto w wo x <x 
pee ig a oS) ZZ VSS ao aD 44 Pas Wy te ead ae oe beak G4 
pan-l IV .R 80 LOD T9425 14 43 LOR tee t25%) | tet a 
met-/ VILOR Bye OT 2 OR SOM Zzy 30 16g 126. 123133 49 
Vit R Fe Oa bees a) Sean SS, 29 Ze at SO ALS 48 
nic-3 \e a, 64 ey oo LOS ieee 2 BVA Oey USO FT 445) 49 


Pooled data 1334,15 011494130 47 
for recombi- 

nation betwee 

mt and ster 
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Table III: (continued) 


Tetrad analysis 


Cross: inkage |Germin.| Recombination 
OfaSsteril ry 
5459 7A, leu=3, With marker. 
ster Ditypes 
Digtr 
ms 
tryp-2 ea oy N 
met-/7 HE RS 61 i 
nic-3%* pO ea Us L 
we* TAOS WS L 


Pooled data 
for recombi- 
nation between 
mis and jstex 


*) double marker parent 
<s) esienwitcant at 0.05 evel 


Recom. | Recombination 
to . of sterility 


with mt(A vs.a) 


Pe Ree 
64 HI oe hee 
12** Sit host she 
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Cn Ee eu- Seerstermx Lia, 1 

O40005, sleu-3,, ster x S531 a; pan-1 

8455 A, leu-3, ster x 4894 a, met-7 

OGIo Aye eu-3. ster x Y 3188, P 629 oe eee WS 
8455 A, leu-3, ster x 45302.a, tryp-2 

The results obtained are summarized in Table III. Linkage 
between ster and met-/7 and between ster and nice3 as well as between 
ster and we was detected. 

Prom cxosses) between 6455 4, leu-35, ster x VY u5138)5 bo29 
a, nic-3, we it became evident that ster is very closely linked to 
nic-3 (recombination frequency: 0%). we (recombination frequency: 18%) 
and met-/ (recombination frequency: 13%) are located at some distance 
Eromusten, © complete absence eiaretrar nes and Non-Parental Ditypes 
was noted milion tlie segregation of ster and nic-3) in the cross 
GAS pa oe CU oa Stee Wo tOC,. FOZ Ines MC = awe. 

Single strand analysis of the remainder of crosses confirmed 
the tetrad analysis data with regard to linkage between ster and met-/ 
(recombination frequency: 29% and 30% respectively) and between ster 
and nic (recombination frequency:2%). Due to the close linkage between 
Sler and mic-3, and thevabsence oF suitable markers in the left arm of 
chromosome VII, no attempt was made to map ster relative to the location 
Of the marker nic-3- 

Tetrad analysis data as well as single strand analysis data 
were analysed for possible linkage between ster and mt (mating type: 
A vs. a). In all crosses examined no linkage between ster and mt was 


evident (pooled data tetrad analysis: 47% recombination; pooled data 


single strand analysis; 51% recombination). 
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Table IV. RECOMBINATION DATA FOR MUTANT 8553 


Cross: Linkage] Germin.| Recombination Recom. Recombination Recom, 
Group Te OM istemiiatyin 7, of sterility as 

6595745 leu- 5, with marker with me(A vs ,4a> 
ster ' + \ + t + i] + 

4 H u 4 H u u H 

cc) 100) ic¥) 09) Oo (ed) Oo ic) 

WU pe) pa) vu vu aw) VW v 

x <9) n n io) n n n n 

t t = ae v a) <q <x 
Pe eon - LOM | G20 o> 157 wee LOM NGS 165.9 136 264%9 
leu-3* IL : 18211301119 1226 (S80 l= lala fe : 
(oe a 50 69 Pleo) LOL} 105742 65) 1150)|106 794 38%%r 
met-6 d Biol es 61 ZO (20 (31 720; 144 Lom too Sees 35 xw* 
thi-1l TR 65 Wes ED ea eee es SRL Ate) SOM Soe Omelod. 42 
sal TT R 24 9 13, 0 8 47 7 12 48 9 45 
Sess 1p hl oF. LS Se SOME Loe ae Were | PAVE AIOE M6 27**%* 
teyp-1** TPE oR o/ Ze Dor 24a 7 49 - - ~ - - 
pan-1 LVR 41 all|pantothénic facid |5 ZZ LO. ay 24Kx% 

ind¢pendent 

lys-1 VC 94 SO cereale Gee iO, yy 44 |37 134%%* 
pab-1 VOR 99 UN URS Hee ys AVES ZI Sour Lane 9 50 
ad-8 VIE 45 ) Pome La, {51 B| pA | Toya Qua 
tryp-2 VI C o> LE ZOe 28 a ioG 150 11130, i126 6 Se) 
met-7 AS ce [ae SOLIS. 241240157 3007 


ie) PAE ea iShor pap ke 
Pooled data 209 {502 [442 274 
for recombi- 
nation between 
mt and ster 


*) pooled data of fr, St.Lawrence and cr crosses 
*x) double marker parent 
*k*) significant at 0.05 level 


aie 


(ii) Recombination data for mutant 8553 Ap ileu-3,, stex, 


The male sterile, leucine requiring mutant strain 8553 a eu, 
Ster was crossed to marker strains representing all the linkage groups of 
N. crassa, The following crosses were successful in producing sufficient 
ascospores for single strand analysis: 
Ooo 9h, leua5, veLer x Bo1tO air 
G55 8, leu-3, Ster x St.Lawrenee a 
G02, A, leu=3, ster x KR 2360 a, cr 
Oj9Ien, leu=o ster x 35809) a, met-6 
Ha5 4, Leu-3, ster x) 56501 a, thi-1 
Ose, Leu=3,) ster = 1a, £1] 
8553 A, leu-3, ster x 5801, 10575 a, sc, tryp-l 
G922 AG) deu=3; ster 2 5531 4, pan-1 
Soon, Leua3. ster) x" 33935. ay lys-i 
DI Gen ww het~o, 9Segr x 1633 a .spab—1 
DIJO Sber «x v1 5o=M/ a, sad-¢ 
Hovsua slcUq=35 ster x 45302 a5 iEryp-2 
Gobo A, sleu=3, ster x 4394 .2, -mee-/ 

single strand analysis of cross 65)5° A, leu=3 xb Dl0ray in, 
indicated possible linkage between ster and fr (recombination frequency: 
32%) and ster and thi-1l (recombination frequency: 30%). Both markers, 
fr as well as thi-1, are located on chromosome I although on different 
arms (Table IV). 

The analysis of data with regard to possible Linkage between 
ster and mt (mating type: A vs. a) showed various strengths of linkage 
in the following crosses (Table IV): 


Go55.8,, beu-3, Ster x B 110 a, fr (recombination frequency: 287) 
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855. 5) Leu=), ster x R2360 a, cr (recombination frequency: 287.) 
8553 A, leu-3, ster x 35809 a, met-6 (recombination frequency: 38%) 
8553 A, leu-3, ster x 5801, 10575 a, sc, tryp-l (recombination frequency: 27%) 
8553 A, leu-3, ster x 5531 a, pan-1 (recombination frequency: 24%) 
G253>8, teu-3,) ster x 33933 a, lys-1 (vecombination frequency + 137%) 
8553 A, leu-3, ster x Y-153-M7 a, ad-8 (recombination frequency: 9%) 
8553 A, leu-3, ster x 4894 a, met-7 (recombination frequency: 30%) 

In pooling the results of all crosses a recombination frequency 
of 34% was obtained for the markers ster and mt. 

Thewexoss 55274, leu-355. ster x 553i a, panoledid mot yield 
pantothenic acid requiring progeny as expected. On repeating this 


cross Similar results were obtained. 
(1i7) Recombination data tor mutant LOL/3 A, Ven-3, stern. 


ihe male sterile, leucine! requiring strain LOl/3s Ay eleu=3- 
ster was crossed to several markers representing the seven Linkage 
groups of N. crassa; 
LOS vApeleu=35 ster x ilea, fl 
1O/ LSA leu-3, ster x 5801, 105/52, sc, tryp-i 
107167A, lew-3, ster x 5531 a, pan-1 
10718 A, leu-3, ster x 1633 a, pab-1 
10718 A, leu-3, ster x 45302 a, tryp-2 
LOJIS9AS leu-9) ster x Y-153-M/ a, ad-6 
10718 A, lew=3, ster x 4094 a, met=7/ s 

In all crosses recombination frequencies were determined by 


means of single strand analysis. The recombination frequency between 


ster and the leu-3 marker(allele Nr. R 156) was calculated from the 


ra Toe a “> + 
os = : ' 


’ 
' 


< 
-_ 


» . rie = 
12h ale Hew ai oe Be es a Ta - >. sles 
“4 ee: nit ad Pm." : 


( i 6 Bir ian 


one ea ie 


~~ ~~ Le ; ‘ 


®. 
3 ie : p S200 xn % B si 


~“</« ~ Aan a z 


- = - a a 


= coy SNR oe ao nS 
eee ae * | 
: -. - $'tie 2 Yeevt aia” ‘ ais Se -a 
- : = “a - ai 
DE Pee Noi) 


Ue 


canines guises bine 
a a a 
perans - oF i om 7 ? 


ml ey ae 


i e 


. 9% 


~ 


ati hele 


Table V. RECOMBINATION DATA FOR MUTANT 10718 


Cross; Linkage} Germin.| Recombination Recom.| Recombination Recom, 
Group ib of sterility ie of sterility yh 
LO7 Sa, leu-3 with marker withemt (A. Vs. 


Ster t ae t qe t + t a 

ra u re u rw u u u 

x CO) od) oF oD) ) co) ) ) 

pS) a) oa) Ww we) pS) vw uw 

ids) Yn WY io) Ww ep) n n 

t t oe + © w <q <q 
leu-3%* rou - 92 |46 {56 199 35 - - - - 
es aes 35 12 8 Sy wo) 63 6 9 (EES) 43 
Sea Dib tG 78 26 ML 1S Aas 63 Zea Oa as 41 
Leyp- les Top ie 78 Deva Wilesys Hey 2) BI, 60 - - - | - 
pan-l i Veure 78 PAO BES EY i oy 28 | 45 22.130) 29 1.18 40 
pab-1 Ve ER - B72 S13 Vi2or 180 53 ese SE BS ila 4l 
tryp-2 Vite oC 93 1 ZA 2a St 48 LBS PA Sia war 37 %** 
ad-8 fie ie 80 D2 ie iO 60 12 P8 31 9 26 
met-/ tee, 1 58 LOT 2226. 120 45 ie 2 29 4 18** 
Pooled data 110 200 {179 | 94 35 %*% 
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*) leu-3 requirement tested in isolates from met-/, tryp-2 and pab-1 crosses 
<x) Sipnieveant at. 0,05, Level 
**%*) double marker parent 
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Table VI. RECOMBINATION DATA FOR MUTANT 10710 


Cross: 


TO71) 7A, leu-3, ster, fst, ig” x Stl Lawrence a 


Number 
parentals: stem, iste le 48 
ster’ ett, lem 49 
single crossovers: ster, fst len (tal 
x 
ster’, fst, ig S 
stems lst. en 6 
Xx 
ster’, fst", ine ] 
double crossovers: ster, fst, le Zs 
X xX 
Ster’, fst, let 4 
Distances: EAeSe ace LOy2euiew. 
hae IN LO Som U- 
Stet uaael & PM Sup nis Ch 
Interference: -6.8 
Map: ster fst ie 
(iowa WOr5 


Per cent 


78 


12 


16440164849 


Pike 


recombination data of the following crosses: (Table V): 
P07 eee leu- 3, (ster 2 1633 a, pab-1l 
10718 A, leu-3, ster x 45302 a, tryp-2 
10718 A, leu-3, ster x 4894 a, met-7 
The segregation data obtained from the above crosses indicate linkage 
between ster and leu-3 of linkage group I (recombination frequency: 35%). 
Linkage between ster and mt (A vs. a) was found to exist in the 
following crosses: 
LO71G7h, leu-3) ster x»45502 a, tryp-2 (recombination frequency: 377) 
10718 A, leu-3, ster x Y-153-M/ a, ad-8 (recombination frequency: 26%) 
10718 A, leu-3, ster x 4894 a, met-7 (recombination frequency: 19%) 
The recombination frequency for ster and mt , based on pooled 


data of ali the crosses, amounted to 35% (Table V). 


(ivy) sRecombinationrdata-for mutanc 10710 A, leu=35 ster, ist, sie. 


The original mutant 10710 is characterized by partial male 
sterility(ster) and complete female sterility(fst). In addition, the 
strain carries a requirement for leucine (leu-3) as well as a mutation 
which causes ‘limited growth'(1g), i.e., the number of macroconidia 
produced on a slant of solidified medium was found to be drastically re- 
duced when compared to the standard wild type St.Lawrence strain. Its 
phenotype resembles that of the mutant fluffy(fl) except for the fact 
that normal orange-red pigment is present in the lg strain. 

The strain 10710°A, leu-35) ster, ist, ile was crossed: tose, 
Lawrence wild type strain mating type a. Single strand analysis of the 
progeny of this cross ( Table VI) indicated that ster and fst recombine 


with a frequency of 16% which indicates linkage between these two markers. 
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Tanies Vil. RECOMBINATION DATA FOR MUTANT 10710-1 


Crass: Linkage] Germin.} Recombination ‘Recom.| Recombination Recom, 
Group hs Of Ssterility if of sterility EE 

10710-1 A, with marker witheme(A veun> 
leu-3, ster | eas Saran ar 
Ee anaes ' at I a { + t + 

hu Si WH WwW HH WH iS wu 

x Vv fed) 1) ce) ced) v ie) fe) 

V oa) J5} Ww VW 4 VW Vv 

1o9) w 12) wn ie) i¢9) n n 

' 1 oS ae a) a) 8 <q 
sell Daa 62 GO) 3a) 27 124 Sul. By SPE A eYey | Pas) 
sc* sw IOTG 84 Te AS ers 7 Silas LOS SeeicoO 6 
trypae HEA IS 34 Way les Weel h 2 30** - - - - 
pan-1 IV R 39 Bye ae | eaubes e/zoy allie! 47 LOM Sor WZ Os S 
Lys 1 WEE OL Byala pele: SW CEE ASS Ne) 8 
pab-1 VR Si ys all ORAS A eS 8 Bz 23 249 V2Z6R 17 
ad-8 Via 87 Ley PEE 2 ES) 45 A iat id ed ead od BMS) 
CEyp=2 Vie eG 92 NO Waa GIRPAES aes BY EI ee Cd Ao San 
met-/ VARA US 52 ZZ VA OF LLG 126 58 LES Sie ZI LG 
Pooled data 159 F222 31209 1 el 


for recombi- 
nation between 


mt and ster 


*) double marker parent 


**) significant at the 0.05 level 


ye 


Female sterility. (fst) and lg were found to recombine with a frequency 
of 11%, whereas ster is linked to lg (recombination frequency: 17%, 

expected recombination frequency: 27%). All three genes (Stems tscw) 
are located in the same linkage group, wherever this may be. No linkage 


was detected between these genes (ster, fst, lg) and mt (A vs. a) (Table VI). 
(v) Recombination data for mutant 10710-1 oe eu Ops Le lL. 


Mutant strain 10/10-1 A, leu-3, ster is a male sterile, leucine 
requiring strain and is a single strand isolate of the cross: 
iN/TO-l A, leu-35,, ‘ster, fst, le x St. Lawrence a. 

strain 10710-1 A, leu-3, ster was mated to the following marker 
Strains? 

IDOLE eels tet EcaLea, fe 

LOMO Lin. Leu 35, ster ex 50015 \105/a a, se.. toyp— 
1OPNO= IA eu=35 ster x 5531 a5. pan=1 

FOTO ko leas 5yecer x J5733%aw lysa 

MO710-1 A, leu-3, ster x 1633 a, pab-1 

TO710S1s Ay vilet—3, (ster x, Y-153-M7 a5 ad-5 

LO710-1 A, Wew-+3, ster x 45302 a; tryp-2 

10710-1 A, leu-3, ster x 4894 a, met-/ 

Single strand analysis of the anor crosses (Table VII) 
revealed linkage between ster and sc (recombination frequency: 31%) and 
between ster and tryp-l (recombination frequency: 36%). 

Linkage between ster and mt (A vs.a)occurred in the following 
crosses: 

TO7L0-1e AG Leu, ister 5801, 105/75 a; sc, tryp=l (recombination trequency:337,) 


10710-1 A, leu-3, ster x 33933 a, lys-1l(recombination frequency :34%) 


10710-1 A, leu-3, ster x Y-153-M/ a, ad-8(recombination frequency :33%) 
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Taple VILL, RECOMBINATION DATA FOR MUTANT 10299 


CEOSS: 


LOZ ea leues 
Ster 


Recombination Recom. 
of sterility i 
with me (A vs an 


Recombination Recom, 
Of Sterility ie 
Wile emaitece is 


a sitenect 
IN Sieeve ae 


155 
~S 


n 


met-/ 


Pooled data soem 
for recombi- 
nation betwee 


mt and ster 


*) double marker parent 


ee )esieniercant at the 0.105 level 


= ee 


10/10-1 A, leu-3, ster x 45302 a, tryp-2(recombination frequency :34%) 
10710-1 A, leu-3, ster x 4894 a, met-7 (recombination frequency: 30%) 
Taking into account all crosses (pooled data) a recombination 


frequency of 39% for ster and mt can be calculated. 
(vi) Recombination data for mutant 10299 A; leu-3, stex. 


The following crosses between the male sterile, leucine 
requiring strain 10299 A, leu-3, ster and marker strains for all linkage 
groups were analysed: 

LUZo 7 leu sber x Loa, £1 

LOZ Pade eeu >, wster «5001, 105/5.2,. sc, tayp=1 
PO2000. 7 eU-2 5 Stern (x 553) a, pan- 1 

LO ea beu-3,) ster x (1633-4; ee 

[QI V AG eu, ster Y-l53-M/ ay ad-6 

DOO 0 Pa elo) iste xa 45302) a, sory p=2 

1O2Z09"A, leu-3,. ster x 4094 a, met-7 

Single strand analysis of the progeny obtained (Table VIII) 
from the above mentioned crosses, did not reveal linkage between ster 
and the different biochemical and morphological markers. Analysis for 
possible linkage between ster and mt (A vs.a) yielded a positive result 
for the following crosses; 

10299 A, leu-3, ster x St. Lawrence a(recombination frequency :21%) 
10299 A, leu-3, ster x La, £l(recombination frequency :28%) 

LO2Z99 es, liet-35, ster x 1633 a, pab-1 (recombination frequency :35%) 
102994 ieu-35,¢ster x Y-155-M/ a; ad-8 (recombination frequency :36%) 
L029 eho Leu=3; ster xX 45302 a, tryp-2 (recombination frequency :28%) 


10299 A, leu-3, ster x 4894 a, met-/ (recombination frequency :25%) 


The average recombination frequency for all crosses (pooled 
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Table IX. RECOMBINATION DATA FOR MUTANT 7232 


Cross; Linkage} Germin.| Recombination ‘Recom.| Recombination Recom, 
Group & Of sterility t Or seera lity % 

etal? with marker With mits vs.a0 
Steir aaa Or ne a 
ae t UR t = te i sie 

u u u uu uw wW u 

i) cB) (cD) 0D) ied) oO {cd} 

Vv VW VU Vv U iW Vv 

x 3) n o n n n n 

I I ae ae w <q <x 
oe LG 88 ZS Oa Ope Ly: 45 23) HL9 
pale aa: 89 34,20 124 12 oy ZOOM Sore 12 
sce PE TRG 88 ea Ne Oat lie a BIE) 46 23° 126 6 
jeayp=1 = iy ® 88 Loe hs) 12616 44, Z ~ 
pan-1] LVR 43 all offspring pantgtheni d indepa@ndentt 
ivis= | VG 92 LOO omnia 47 Som oe 2) 
pab-1 VR 9 200120 29 130 50 B2e ize 
ad-8 Vie L 88 DIS SI WAS AVR) 49 30, SOR Ek 
tryp-2 VLG 98 20 B29) 2 Omi 50 2 Sea o 
met-/7 V0 as oS) Dao OE RIA Ns) 56 34, 130) 21 
Pooled data 136:1Z5 0 1235 LG 
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data) for ster and mt amounted to 31%, 
(vii) Recombination data for mutant 7232 A, leu-3, ster. 


Strain 7232 A, leu-3, ster is a male sterile, leucine re- 
quiring mutant. This mutant was employed in the following crosses with 
marker strains representing all the different linkage groups of 


N. crassa, in order to determine possible linkage relationships: 


[Zens Mein 5s Sten x RZ300 7a, cr 

(zoe howleuas, ster x, la, iL. 

i732 peoeleu-S,uster x 5801, 1057/5 a. sc, tryp-1 
1252 Angler 3, Steer x 5531), pans) 

jo Eee mS ten x 339 330a.5 Ly sa | 

12027) Jeu-3, ster x 103384, eat 

Won A, lew-35, ster Y-153-M/ a, ad-8 

(292 hs deu-3, ssten x 45302sa, tryp-2 

(23255, Leu-35 ster x 4094.4, met—/ 


Single strand analysis of the offspring(Table IX). of the 
above crosses did not indicate any linkage relationship between ster 
and any of the known markers. 
All ethe viable progeny of the cross) 7232 A, leu-3 ester x 
5531 a, pan-1 were found to be prototrophs: no Mendelian segregation 
for pan-1 was observed. 
Single strand analysis of the following crosses revealed linkage 
between ster and mt(A vs.a): 
(232 h, leu-3, ster x ba, f£1 (recombination frequency :39%) 
(2jeceh, sles, ster x 5801, 105/> 02, se, tryp-l(recombination frequency :27%) 


7232 A, leu-3, ster x 33933 a, lys-1 (recombination frequency :25%) 


1232, A, lew-3, stex x 1633 a, pab-1l (recombination frequency :397) 


YASS 


725278, leu-3, “ster x! Y-153-M7 a, ad-8(recombination frequency :32%) 
7232 A, leu-3, ster x 45302 a, tryp-2(recombination frequency :32%) 
7232 A, leu-3, ster x 4894 a, met-7 (recombination frequency :35%) 

For pooled data the recombination frequency between ster and 


mt amounted to 35%, 
(viii) Recombination data for mutant 5538 A, pan-!, ster. 


Strain 5538 A, pan-1, ster is a male sterile, pantothenic 
acid requiring isolate. Single strand analysis was carried out on the 
progenies of the ster mutant and marker strains for all linkage groups 
of N. crassa(except for linkage groups III; the cross 3938 Ao paul. 
stem x 2601 1057/5 2, sc, tryp-! did net yields ascospores) : 

5538 A, pan-1, ster x R2360 a, cr 
DOoOPanspalia dd. ester xl a, 5ik 

Seow Pali) povekec OOo ‘4, pap— 
DOC epala aescet xev-153-M/ wan waco 
Do oot pani ween © 4550205) Erype2 
53590 A, pati-l, ster x 4894 a, met-/ 

Single strand analysis of the progenies of the above crosses 
(Table X ) indicated marginal linkage between ster and cr (40%), ster 
and ad-8 (39%) and, ster and met~-/ (38%). Analysis of the progenies of 
all crosses for possible linkage between ster and mt(A vs. a) indicated 
linkage in the following cases: 

5339) A, pan-1, ster x 22360 (a, cr (recombination frequency :36%) 

SSG sk, epenc lester x Y-155-M7 <a, ad-8 (recombination frequency :35%) 
5538 A, pan-1, ster x 45302 a, tryp-2 (recombination frequency :39%) 
5538 A, pan-1, ster x 4894 a, met-/ (recombination frequency :21%) 


The average (pooled data) recombination frequency between ster 
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Table X: RECOMBINATION DATA FOR MUTANT 5538 


Cross; Linkage| Germin,.| Recombination Recom.| Recombination Recom, 


Group ie of sterility ¥, Of Steriliey v/s 

5538 A,pan-1, with marker with mt(A vs.a) eh 
eee t + I te \ a5 1 + 

Hi u M ui 4 u 4 M 

cs) 7) ) v v o W cS) 

Vv vu Vv v Vv U wv Vv 

x ro) i) 7) co) n o n i) 

t \ ae te © w <q <x 
cE iW AG 40 LS 130 bo. 16 40. 2 180° 109 6 36% 
ns Lie 37 Zc baa oe ple 49 15 |16 A a 48 
pane i** Ve all offspying Jpantothanic aqid imdependepnt 
pab-1 VR 48 Zoo On 23 26 56 116 Spice mie? 40 
ad-8 Viet 41 eZee ene Zeal S9F LS 29> 2 E 4 35.7 
tryp-2 VLC 42 ZG Ge 122 SO PLAT wo nome 39% 
met-/ VIDOR 4l Li BL Oe 129 RG 38%} 7 24 3 8 Zue 


Pooled data 
for recombi- 
nation between 


mt and ster 


*) slenizicant at the 0.05 level 
**) data from cr and fl crosses 


E30. 


Tab be XT. 


‘Cross: Linkage] Germin.|] Recombination 
Group Ie of sterility 
16009 A,pan-l, with marker 
ster 
ee oe i a ' at 
H H M4 M4 
wv S) oO ) 
Vv VU Vv Vv 
x n no nO 3) 
t t = ar 
EL es 33 LO US eta) 
ie ADA tual @ 40 ele LOS 
tryp-1* Pid Bi 40 sy 5) Le a ite: 
pan-1 IV R| Offspring ffrom jpab-]l am 
acid independent 
pab-1 VR 43 Li 6 PEGI AES 
ad-8 VI L ol ee Ne, PED aN) 
tryp-2 Vinge 0 - - - = 
met-/ VEL Rie od LES PAS) PAA WP? 5) 


Pooled data 
for recombi- 
nation between 


mt and ster 


*) double marker parent 
**) significant .at the 0.05 level 


RECOMBINATION DATA FOR MUTANT 16009 


met-|// crpsseb al 
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and mt amounted to 37%. 
The crosses 5538 A, pan-1, ster x R2360 a, cr and 
9538) A, pan=1> ster x L a, £1 were analysed 
for pan-l segregants., Single strand analysis indicated that in both 


crosses the expected pan-l genotypes were lacking (Table X). 
(ix) Recombination data for mutant 16009 A, pan-1l, ster. 


Strain 16009 A, pan-1, ster asea eerie pantothenic 
acid requiring mutant and was used in the following crosses with marker 
strains of all linkage groups: 

1600974, pan-1, ster x Ua, £1. 

PO007 A, pan-l, ster x 5601, 1105/5 3, sc, tryp-1 
DCOO3S,0 pan-1 ster x 1033° 45, pab-1 

RGVOGPA, Span- 1, “ster «x Y-153=M/7 a, vad-< 

16009 A, pan-1l, sten x 45302 a, tryp-2 

16009 A, pan-1, ster x 4894 a, met-/ 

Single strand analysis of the above cross (Table XI) yielded 
recombination values for ster and the known markers which were not indi- 
cative for linkage. Analysis of the cross 16009 A, pan-1, ster a 53801, 
10575 a, sc, tryp-l yielded a recombination value of 68% for the markers 
ster and sc and 65% for the markers ster and ead oe en 
The crosses 16009 A, pan-1l, ster x 1633 a, pab-1 and, 

16009 “A; pan-1,) stern x -153-15/ 72, ad-8 
yielded no pantothenic requiring progeny. 

Linkage between ster and mt(A vs.a) was evident from single 
strand analysis of the following crosses: 

16009 A, pan-1, ster x 5801, 10575 a, sc, tryp-l(recombination frequency :30%) 


16009 A, pan-1, ster x Y-153-M7 a, ad-8 (recombination frequency : 30%) 
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16009 A, pan-1l, ster x 4894 a, met-7 (recombination frequency :28%) 
The average (pooled data) recombination frequency between 


ster and mt to 35%. 
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Discussion 


SLeri lity in the Ascomycete Neurospora crassa is a common phe- 
nomenon and occurs in a spectrum of expressions. The original 'Dodge' 
strains may have exhibited a large degree of sterility. Lindeesren (1936) 
as well as Moreau and Moruzi (1936) have reported on the presence of 
sterility in the early strains of the fungus. Genetics is indebted to 
Dr, Patricia St.Lawrence for the development of strains which in their 
wild type phenotype exhibit a high dgree of fertility. However, even 
these highly'purified'strains with their uniform genetic background 
often display sterility in connection with induced biochemical require- 
ments. It is for this reason that intragenic recombination studies are 
often difficult to perform (Weijer, 1954). The pertinent question with 
regard to sterility relates to whether or not sterility phenomena in 
Ne ekased abe Of a pénetic nature. Vigiusson (1969) pointed out that on 
the basis of segregation and complementation data for sterility mutants 
of Neurospora in crosses with wild type progenitors, a genetic determi- 
nation for sterility was evident for many of his mutants. In those cases 
of dubious genetic determination, evidence for cytoplasmic inheritance 
remained negative (see Appendix). 

The present study confirms Vigfusson's observation of a genetic 
basis of sterility for all the mutants studies. For instance, the mutation 
male sterility (ster) of strain 8455 A, leu-3, ster is located in Linkage 
Group VII on the basis of the recombination frequency ster - nic-3 (Table. 111) 
a marker of Linkage Group VII. Since all male sterility mutants are pheno- 
typically alike, it is tempting to assume that therefore male sterility 
in all mutants tested, concerns a genetic character. and.is inherited 


in a Mendelian fashion by subsequent progeny. Conclusive evidence for 
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genetic transmission of male sterility was obtained from the segregation 
data of the cross 10710 A, Leu-3, ster, fst, Us & St;hawrence a? (lable. V) 
in which linkage between ster and fst (female sterility) together with 
linkage between ster and lg (limited growth) was apparent. The very fact 
that in all crosses the male sterility factor segregates with male ferti- 
lity (ster*) in an one to one ratio lends support to the above assumption 
of a genetic basis for male sterility of all the mutants tested. 

Except LOE mutant 6455 A, lew-3) ister ali malesteniiiey 
mutants showed linkage with the mating type (mt) locus, however the exact 
location of the sterility factor could not be deduced. The reason for this 
inconclusiveness with regard to a possible location of ster in linkage=- 
eroup I is understandable since not in all individual ee the linkage 
relationship between ster and mt was evident (Table V). 

In this respect, the results obtained with mutant 8553 A, leu-3, ster 
is of interest: Inveross 8553.4, lleu-3,5 stern sx St lawrence e)\(Greared, as 
a two-point cross, thereby excluding double and triple crossovers,Table IV) 
a recombination frequency of 17% was obtained for leu-3 and mt, 27% for mt 


andaster land) o/7) 1.0m Weu-o and Steer, A gene onder 


is indicative. 
imcr Oss, G20 584, | leueo,e Sen) x 35809 a, met-6 (treated asta 


two-point cross, Table IV) the following recombination frequencies were 


evident: 

MaeaO: tee. 22 2. 2. 26% 
(ie SUS o Aare oe 35% 
Shor Femece 6.” . Ws.%- 447, 


indicating a gene order of 


pplineereds ail haett 
(uw opie. < samatind HB, oP Bl 2SERs IB SEe 4p sn 
: a 


7 7. > 
ditty aadidjor CyitL Liem aLermeyy iu ben 2432 mana 


nee \" 
- a eo 4 ; oe. 7 
® ue -, fade pare T iy; 1s 0owied egase 
ant vravi Gh? “Sneeias Feo Aisebzy byes) gi tare se — 


: : i S 
| tee Ssh al Ta if Worn FT; (i ekebwe@ FELTING S48 vie anata TR, ie Jus 


® > 
: : 
; ) H ¥f I at 4 is e 4) \ia-o Me ad ee ~~. t s . 
+ D 
ij Yb ta i | ee a : 741 @£ Fi -— ae ol iavreg & 
: ar - 
! o 5aS 
= j 
1 4 iis c ; 
‘ t j Ps i ant ‘as ‘ j iy 
’ 1S 
‘ » © 
. 
‘ Pid 
A iy ¥ 
e = ’ 


4 
i" 
~— 
on 
_ 
. 
* 
i= 
aa 
) 
@ 
t=" 


Tht ify oF 4 atti 4 ’ notte it densa 


tate be 


-35- 


In cross 8553 A, leu-3, ster x R2360 a, cr a recombination 
frequency of 18% was obtained for cr and mt. mt and ster yielded a re- 
combination frequency of 33%, whereas ster and cr recombined with a 


frequency of 39%. The gene order 


satisfy the data of this two-point cross. 
In cross 8553 A, leu-3, ster x 56501 a, thi-1 (treated as a 
two-point cross, Table V) the following recombination frequencies were 


obtained: 


eed ra UNE args tors ea fous 507 
Ti tege e G  I, ae cee ge aca 427, 
Stereo) Clit Ll se, aes 30%, 


bus sested gene order: 


in the casevom ithe poss $553Vk,) leu], ster x Bolla ein, 
mt and fr recombined with a frequency of 35%, mt and ster with a frequency 
Ofe2/ Gand fr and ster with 327, (fable V). 


A rather unsatisfactory gene order of 


can be deduced. 

Hence, markers ito the left of mi tend to place stew to the right 
Of mt) (inthe case) of leu—3 and perhaps in the case of fr), whereas markers 
Lowtiewrasht of mt (met-6 and cr) place sten to the lett of mt. The cutside 
marker thi-l (and perhaps fr) do not CONLOM tones cule, 

Although there is no consistency in the map location of ster 
with reference to mt, there seems to be consistency of results for one 


and the same outside marker in different crosses. For instance the outside 


marker leu-3 in all the five crosses involving 8553 A, leu-3, ster places 


ster to the right of mt. The pooled data for the outside marker leu-3 
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, Table XII. ANALYSIS OF THE RECOMBINATION DATA FROM THE GROSoae 
S55358,. leue3, ster x B 110 Ele apie, 


Cross: 


Go0e f, leu=3, ster x Bo 110 anor 


Number Per cent 
-parentals ite, eccer, eee 48 De 
25 ae lees ster’, a 42 
single crossovers ih eu= 5). ester. an 3 vl 
X 
frt, leu-3", stert, a ls) 
free leu-3, ster’, a 6 i0 
4x 
it elooe Skeban\ ia 
es leu-3, ster,...a 3 9 
Xx 
rea6 leu-37, ster’. a 1 
double crossovers rao leu-3",, ster, .A ik il 
x Xx 
ie leu. s ster?, a ) 
fr’, leu-3; ster’, A 14 10 
a X 
fr, | lea-2 5 ster4 4 4 
ers lew 3)0 ster’, A 2 l 
cos. x 
fr, leu=3, ster, 4 0 
triple crossovers eee leu-3t, ster, a 3 6 
Xx Xx x 


ve 


_ 
ra) 


ee - 
a ry 


3 2h Hury,” Wai foi am, Su 


* & a DIT mae ree i 
= 
7 


; on 
B Bi a * stat a <i 


m 


ae 


Table XII (continued) 
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Table XIII. ANALYSIS OF THE RECOMBINATION DATA FROM THE CROSS: 


CopoeA. leu-30 ster R260 a. ce 
Cross: _ 


Oooo sa ket=3,Ster x Rk 23560 cic 


Number Per cent 
parentals led=2; isten, Ay cx? eM) 41 
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leu-3 , ster?, Ee Se 77 
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Table XIII (continued) 
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Table XIV. ANALYSIS OF THE RECOMBINATION DATA FROM THE CROSS: 


8553 A, leu-3, ster x 56501 a, thi-! 


Gross’: 


ues A leu-5, ster x 56501 a,thi-1 


Number Per cent 
parentals Neu=35, )sten,, “A, thit 41 41 
leuvat. Guan tead, tht 
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Table XIV(continued) 


Distances: thi-]) to. mt 
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yielded the following recombination frequencies; 
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The obvious conclusion to draw from the above results is to assume that 


the gene for male sterility(ster) is located between the markers leu-3 


and mt. On the basis of this assumption the following four-point crosses: 


o> evel 3.) Ster xB 110 
O53 394, leu, 9Ster x R2360 0a 


Codon.) Leo oa stem x s050L 


a, £ 
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(Table XII) 


jab) 
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ex, (Table XITD 


a, thi-l] (Table XIV) 


yielded the following recombination frequencies:.- 


Outside marker hie 
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The above recombination frequencies for three four-point 


crosses with different outside markers, 
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a map location o£ ster between leu-3 and mt, abnormally high recombination 


frequencies are scored between ster and leu-3 and between ster and mt. 


According to Perkins 


t al., (1959) the map distance between mt and leu-3 


amounts to 16 map units. From the four-point cross analyses of these four- 


. i! y = 1 
point crosses, it becomes evident that the number of double crossovers in 


this region exceeds that of singles. Other distances (leu=3 Covi. me Lover 
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and, mt to ciate cence tian to the expected, if the map does not involve the 
intercept mt to leu-3, For example, the distance between mt and cr amounts 
to 1/% and is therefore close to the expected 24 map units as given by 
Perkins et al.,1959. The calculated distance between cr and leu-3 on the 
oLhershand; ius much too’ long (44 m.u. + 43imiur 17 meu, = 104 mya, 
Consequently, if the male sterility gene (ster) is located in Linkage 
Group I (as seems to be evident from the data obtained from two-point 
crosses with the exception of mutant 8455 A, leu-3, ster), it must be 
placed between mt and leu-~3. The presence of ster in the genome causes 
an abnormallly high crossover frequency in the region of its location on 
Linkage Group I. Under these circumstances the results constitute an 
example of secombinatlonvenhancement of markers in the intercept leu-3 
COMMENDy sthesmerespresence Of sster in thal region. 

An alternative explanation of the segregation data necessarily 
hails EO assume, that the observed linkage between ster and mi 1S a quasi 
one and that consequently ster and mt are located on different chromo- 
somes, Assuming quasi linkage an explanation for the predominance of 
parental types among the progeny of an A, ster x a, ster” cross has to 
be afforded. Such an explanation should necessarily rest on the assumption 
that certain genotypes are either preferentially produced (i.e.,parental 
types) or that selection against recombinant types takes place. Since 
the segregation data indicate an one-to-one ratio for reciprocal recombi- 
nant phenotypes (A, Bren” and a, ster) partial elemination of these 
genotypes most likely occurred in the Non-Parental Ditype (NPD) inhi 
respect it is interesting to note that tetrad analysis Of tie cross 25000 
leu-3, ster x St.Lawrence a (Vigfusson,1969) yielded 4 Parental Ditypes (PD) 


O Non-Parental Ditypes (NPD) and 8 Tetratypes (TT). Hence a complete absenc: 


OmeNPDls, In the cross 10/10-1 A, leu-3, ster x 1 4a, ofl, as reportedeim this 
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thesis 2 PD's, 0 NPD"s and 4 TT's were obtained (Table VII). 


Vigfusson (1969) found that male sterility is induced with 


greater ease in the genome of mating type A than in the genome of mating 


type a and hence predominance of parental types ( in Stebeand=a, Sters ) 


in the progenies of the above mentioned crosses may reflect an increased 


stability of the genome rather than a preferential atiinitye or ster 


for mating type A. 


Assuming quasi linkage between ster and mt, the following 


recombination frequencies can be calculated for the crosses 


C302 2) eu-3 7 Sle xeB 110 a, wake 
Gj93en, leu-35 ster x RZ300 7a, cr 
Cayo aae eu es cen D000 ta, stn 
Outside Marker fr 


outside marker cr 


leu-3 - mt....20%(14%)* 
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outside marker thi-1l 
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a eel Ga Z 21534 4) 


thi-l - leu-3..50%(48%) * 


Although the above data deviate somewhat from the expected values, 


this deviation falls well within the variation as quoted in relevant 


literature: 


tN SEI is 0) Soe nie aenrO oan 5 m.U. (Barratt et al, 1954) 
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*) expected recombination frequencies according to Perkins et al.,1959, 
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Several crosses, viz., 16009 A, pan-1, ster x 1633 a, pab-1 

16009 A, pan-1, ster x 4894 a, met-/7 

16009 A, pan-1, ster x Y-153-M7 a, ad-8 

5538 A, pan=1, ster =x R2860 ay CE 

D538 A,) pane lewieter xin age ed 

ai234 2 Leu-3, ster x 553 2, panel 
involving pantothenic acid requiring strains in matings with non-requiring 
pantothenic acid strains, did not yield expected pantothenic acid progenies 
when the gene for male sterility(ster) was also involved in the cross, 
In one case (10299 A, leu-3, ster x 553 a, pan-1 no viable ascospores 
were obtained, although spore production appeared to be normal. In sub 
sequent crosses (4) identical results were obtained. 

Although no explanation for the above mentioned phenomena can 

be offered, it is evident that the genetic transmission of the pantothenic 
aera requirement, 1s unterfcred with when) Lie male sterility (ster ) marker 
is incorporated into the genome of the opposite parent. In all the crosses, 
except for cross 10299°4, Leu-37ester’ x 5530a,* pan-l fortwhich no data 
are available, the recombination frequencies for markers other than pan-l 
were not affected by the absence of pan-1 segregants. Consequently, either 
meiotic repair of the pan-1 lesion occurred in the above crosses or, selection 
for pan-17 Seprepants took place, Im cross /232°A, leu=2> Sten x 502 a, span. 
the ascospore germination percent amounted to 43%, whereas in other crosses 
involving 7232 A, leu-3, ster germination percentages of 87-99% were scored. 
This difference in germination percentages seem to unc‘erline the possibility 


that selection of panel segregants caused the above mentioned aberrant 


segregation. 
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In order to demonstrate genetic segregation of male sterility 
(stem). Vigfusson (1969) crossed the ster mutants with a wild type 
(with respect to fertility) strain (St.Lawrence, pan-l, or leu-3 ). 
Results are shown omrapte A along with ascospore germination percentages 
and recombination frequencies between ster and mt. Relative frequencies 
Oiva Vs. and ster Ss stent are. also given as an indication of the amount 
of selection taking place in single strand analysis. Vigfusson's data 
have been re-grouped in Table B in such a manner that reference is made 
to only those mutants which were employed in this thesis. Strain 8455 
A, leu-3, ster has been excluded from the calculations of the percent 
recombination between ster and mt (A vs. a) since there is little or 
no selection against certain genotypes in single strand analysis of 
the offspring of mutant 8455 A, leu-3, ster. 

Vigfusson determined segregation ratios between ster and mt 
for some of the mutants which have also been analysed in this thesis. 
His data are given in Table C. 

The mutants used in the present study all represent so-called 
‘early mutants' with an early block in the sexual cycle. From his comple- 
mentation data (Table D) it appears that 4 mutant genes are responsible 
for the early blocks. Strain 5366, 8455, and 8553 represent, respectively, 
3 of these genes while strains 7232, 10299, LO7FLO, 10718, 5538, and 16009 


represent the fourth gene. The intergenic recombination data are compatible 


with this classification. 
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TABLE C ANALYSIS OF RANDOM ASCOSPORES FROM RECIPROCAL CROSSES OF 
SOME MALE STERILE MUTANTS WITH WILD TYPE ST, LAWRENCE 


Number Segregation of mating type and sterzlit 
Mutant crossed and of spores 
direction of cross* analyzed aster’ aster <Astert A ster 


wt. x 9312 89 49 0 40 0 
9312 x wt. 57 28 0 29 0 
wt, x 9840 Dis 15 0 ll 0 
9840 x wt. 132 70 0 62 0 
we. « LOGO? 82 4.0 0 TO 0 
10402 x wt. 80 oe. 0 38 0 
wt. x 10982 55 28 19 3 5 
10982 x wt. 42 29 5 5 3 
af, eae 55 30 2 10 13 
Pepelsed ut, 30 Dy) 2 1 5 
wt. x 8455 168 a6 39 oT ee 
8455 x wt, 89 19 29 14 27 
Wee sss 100 36 10 13 Zl 
8533 x wt. 128 56 igh us me 
wt. x 10299 99 38 18 19 Di 
10299 x wt. 121 46 18 iG a 
wt. x 10718 88 Me 9 18 35 
T0716 we. 92 35 18 9 30 
wt. x 5538 ae 21 17 1 22 
5538 x wt. 100 30 1G ily 38 
vous 16009 69 30 12 6 21 
16009 x wt. 100 25 16 14 35 


* The first parent listed is the protoperithecial parent, 
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TABLE D OCCURRENCE OF RECOMBINATION IN DIFFERENT STER CROSSES 


C455 O55) 10299 ee 07 Om HOT Lee ab S06, mou 6 6 O008 


7232 + + 0 0 0 + = s 
8455 s e a fy 0 + 

8553 + + Te + + + 

10299 0 - 0 - 0 

10710 0 + - 0 

Loy 1s 0 - - 

5366 @ ar 


S) 
I 


No offspring available 
+ = Recombinants isolated 


No recombinants 


ty’ 7 : 
Jes: age BEAST Ce YP 
Pa Are, " o—-> % 7 
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